INTRODUCTION
Sleep is represented by a reversible condition of disengagement from the environment and consists of complex physiological and behavioural processes 1 . Human's sleep includes two states -rapid eye movement (REM) sleep and non-rapid eye movement (NREM) sleep, which are chained gradually over night 1 . Typical and synchronous cortical electroencephalogram (EEG) activity is found on EEG -polysomnographic investigation characterized by sleep spindles, K complex and slow waves associated with low muscle and minimal psychological activity tonus. In contrast, the REM sleep EEG is desynchronized and muscle reaction can occur mainly in dreams. The NREM sleep is divided in 3 stages (stages 1, 2 and 3) 2 .
From the American Academy of Sleep Medicine (AASM) study we withhold that sleep stages have a certain pattern: the REM sleep appears over a period of NREM sleep of approximately 80-100 minutes and it repeats over the night for about 4-5 episodes. The total duration of REM sleep must cumulate approximately 90 minutes per night 3 . The latter part of the night distribution of the REM sleep is thought to be influenced especially by the oscillation of the body temperature 3, 4 . So, the sleep architecture is distributed as follows: sleep starts with a NREM episode; from one REM episode to another, it usually takes about 90 minutes of NREM sleep; REM sleep appeared primarily in the last third part of the night. According to the American Academy of Sleep Medicine, the percentage terms of sleep is represented as follows: Wakefulness -less that 7%; NREM Stage 1 -4-8%; NREM Stage 2 -47-58%; NREM Stage 3 -5-10%; REM sleep -between 20 and 25%.
The length of nocturnal sleep is directly influenced by a various number of factors such as age, sleep dep-rivation over last nights, heartbeat, the environment temperature, drugs, alcohol, and breath disorders such as apnea 3, 4 . Sleep disorders cause not only sleep fragmentation and poor quality of sleep, but also daytime sleepiness and other pathologies like hypertension and increased risk of vascular disease 4 . One of the most important factors that influence the sleep architecture is age. Probably the most eloquent example is represented by the sleep transition in the first year of life, when from the weakness stage the new-born infants enter directly into the REM sleep, phenomena known as active sleep 5 . Sleep loss leads to a deeper and longer recovery of REM sleep. On polysomnographic investigation, EEG shows preponderant slow waves because NREM sleep tends to be preferentially recovered compared with REM sleep, which tends to recover only after the recuperation of slow-wave sleep 6 . The fluctuation of the environment temperature tends to disrupt sleep architecture, and it seems that REM sleep is more sensitive than the superficial sleep stages with slow waves. Parmeggiani et al. report that the human body has a minimal ability to thermoregulate particularly during the REM sleep. Knowing this, the reaction of the body's thermoregulation by sweating or shivering is a condition that helps the patient to remain in NREM sleep type instead of reaching the REM sleep 7 . Many common drugs tend to affect the sleep distribution and, for example, benzodiazepines tend to suppress slow-wave sleep and have no consistent effect on REM sleep. Van Reen E et al. demonstrated that tricyclic antidepressants and certain selective serotonin reuptake inhibitors tend to suppress REM sleep 8 . High alcohol consumption before nocturnal sleep favours the appearance of slow-wave sleep (SWS). So, in the second half of the night, after alcohol has been metabolised, the REM sleep occurs 9 . Also, marijuana consumption can affect the sleep distribution by reducing the REM sleep 9 . One of the most important factors that are involved in sleep apnea and therefore in sleep fragmentation is represented by the anatomical traits of the organ involved in the appearance of the apnea. Further, we will focus on the following symptoms and also the anatomical outlines involved:
• • Poor muscle tonus -The snoring and the sleep apnea episodes appear when muscles are too relaxed and the tongue falls backwards into the airway or the throat muscles draw in from the sides into the airway. This is a natural condition during deep sleep, but it can be aggravated by alcohol and drug consumption 10 . 
UPPER AIRWAY PERMEABILIZATION SURGERY -BRIEF LITERATURE REVIEW
One of the current challenges of the ENT doctor is represented by the obstructive sleep apnea surgery. In the literature, we found several techniques dedicated to the correction of OSA with variable success rates. The correction of an obstructed nasal airway is considered an important component in obstructive sleep apnea OSA treatment [14] [15] [16] . Even if there are several clinical reports and experimental data documenting the existence of nasal obstruction-induced OSA, there are a lot of controversies regarding the role of improved nasal breathing in treating OSA 14, [16] [17] [18] . The exact role of nasal obstruction in obstructive sleep apnea is unclear. One explanation can be represented by the reduced nasal cross sectional area which causes an increased nasal resistance and favours the inspiratory collapse of the oropharynx, hypopharynx, or both 19, 20 .
Olsen and Kern
17 had demonstrated in their study the importance of the nasal cycle and nasopulmonary reflex in maintaining adequate blood oxygenation, thus sustaining the role of nasal breathing in apnea episodes. After nasal permeabilization surgery, the lowest level of SpO2 increased significantly.
In the literature we found no results to contradict the necessity of correction of an obstructed nasal airway in the surgical management of OSA. One of the most significant benefits of nasal surgery is represented by the decrease in the appearances of arousals [14] [15] [16] . On the other hand, in patients diagnosed with severe apnea, nasal surgery proved to decrease the CPAP titration levels that improved compliance of CPAP therapy and reduced morbidity and mortality of OSA 16 . Many studies recommend nasal surgery in order to improve compliance with treatment using nasal continuous positive airway pressure (CPAP) / bilevel positive airway pressure (BiPAP) devices in patients with obstructive sleep apnea (OSA) [13] [14] [15] . At the same time, the impact of nasal surgery on objective measurements in OSA patients is unclear, an important number of authors sustaining in their studies the limitation of this surgery in treating sleep apnea [15] [16] [17] [18] . Jiten et al. concludes that obstructive sleep apnea syndrome is a disease process that results in pharyngeal narrowing or complete collapse while asleep and this is the main cause for developing sleep fragmentation, frequent arousals, abnormally negative intrathoracic pressures, and daytime symptoms of fatigue and cognitive impairment 21 .
Besides the nasal obstruction, one of the most important factors involved in sleep disorders is represented by the soft palate flaccidity and also the tonsillar pathological modifications. In order to prevent sleep apnea caused by anatomical variations of the soft palace, many techniques were developed. From those we mention Laser Assisted uvulopalatoplasty, a surgical technique developed by Kamamy 22 in order to treat snoring and also sleep apnea. It's an offshoot from uvulopharyngopalatoplasty (UPPP) and it consists in a staged resection of the uvula and soft palate under local anesthesia (vertical palatal incisions lateral to the uvula followed by subtotal uvulectomy).
Mickelson 23 et al. report that, after LAUP surgery, better postoperative outcomes were obtained, doubled by polysomnographic results. 6 weeks postoperatively, the apnea-hypopnea index (AHI) decreased from 19 events an hour to 4 events an hour, the respiratory disturbance index (RDI) decreased from 31 to 16/ hour.
Laser assisted uvulopalatoplasty is not routinely recommended as a treatment for patients with obstructive apnea syndrome because LAUP does not generally normalize the apnea-hypopnea index (AHI) in particular in patients with severe OSA. In order to demonstrate this, the literature bares a lot of studies that did not show improvement in secondary outcomes on polysomnographic investigation. Some studies actually saw worsening of the overall AHI [24] [25] [26] . Ryan and Love developed a study on 44 patients that underwent LAUP surgery and the polysomnographic results review an important decrease in AHI with an average of 27 percent 6 months postoperatively 27 . In literature we also found a series of side effects reported after this type of surgery -for example, Carenfelt reported that, from a total of 100 patients, 2 developed velopharyngeal insufficiency 28 .
All these types of surgery have in common some goals that are likely to decrease the snoring and apnea episodes. By decreasing those events in the background, we will meet fewer arousal episodes and, as a result, a better layout of sleep stages distribution and secondarily a better REM sleep percent.
OUR CONSIDERATIONS
In November 2015, a Center of Excellence for Research of Sensorial and Sensitive Disorders, Study of Infecto-inflammatory, Tumoral and Obstructive Aerodigestive Pathology (CESITO) was founded in the ENT&HNS Clinic of "Sfanta Maria" Hospital, in Bucharest. The Sleep Disorders Laboratory of "CESITO" Center was fully equipped with Alice 6 LDX polysomnograph.
We decided to investigate the influence of the permeabilization surgery of the upper airway upon sleep distribution. At the present moment, we are undergoing a prospective study, started in October 2015, our goal being to demonstrate that after this particular type of surgery has been performed, the prevalence of arousals will decrease and the REM sleep will be easily reached. In order to show this, we will present two cases of patients diagnosed with sleep apnea on polysomnographic investigation. We report the result of the first investigation and also the outcomes at six months after surgery.
We mention that the patients with severe obstructive sleep apnea (AHI >30/h) are strongly encouraged to pursue CPAP therapy because of its proven safety and efficiency 29, 30 . All the patients admitted to the ENT Department of "Sfanta Maria" Hospital with sleep disorders are evaluated and the following exclusion and inclusion criteria in the study are used:
• Inclusion criteria are represented by: patients with sleep apnea syndrome with different causes of nasal obstruction such as nasal septum deviation, hypertrophic chronic rhinitis; pharynx pathology (long soft palate and/or uvula, large tonsils, etc.). • Exclusion criteria: massive facial malformations such as retrognathia, patients with apnea of pulmonary or neurological origin, patients diagnosed with severe apnea whose correct indication is non-invasive ventilation at home. Before recruitment, each eligible patient undergoes a careful otorhinolaryngological evaluation. The ENT examination follows some of the potential changes on the normal anatomy of the nasal cavity, the oral cavity, the oropharynx or hypopharynx like poor tonus of the pharynx muscular layer, excessive bulkiness of the upper airway calibre, long soft palate or long and large uvula, obstructed nasal airways of different causes like deviated nasal septum, hypertrophic inferior turbinates.
For each of this pathology condition, different types of surgery procedures are used.
All patients that qualify for this study should perform a polysomnographic examination both preoperatively and 6 and 12 months postoperatively, in order to document the effect of ENT surgery on sleep fragmentation and REM sleep distribution.
The following parameters are evaluated during this study: sleep distribution (NREM stages N1, N2, N3 and REM sleep), snoring characteristics (snoring episodes and total snoring time), oxygen saturation, total apnea number (obstructive apnea, central apnea, mixed apnea), hypopnea, apnea-hypopnea index (AHI), maximum duration of apnea and/or hypopnea, arousals total number, arousals index. Also, the daytime sleepiness is subjectively evaluated with the Epworth questionnaire before the first polysomnographic investigation and then at 6 months postoperatively.
POLYSOMNOGRAPHY (PSG)
Standard electroencephalographic (EEG), electrooculographic (EOG), and electromyographic (EMG) criteria where used to document various sleep stages. According to the AASM, 16 EEG was recorded with electrodes applied at C3-A2 and C4-A1 and also the EMG activity was recorded from the submental muscles and anterior tibialis muscles 29 . We used a full equipped system of Alice 6 LDX to study and diagnose sleep disorders.
Apneas are defined as cessation of airflow in the nose and mouth for longer than 10 seconds and were documented by an infrared CO2 analyser which records from both the nose and the mouth and also with an pulse oximeter sensor attached to the index finger that records the level of oxygen saturation 31, 32 . Hypopneas are defined as reductions of more than 50% in the excursion of the sum channel of a respiratory inductance plethysmography measuring chest wall and abdominal movement 31, 32 . Cardiac activity is monitored with a single electrocardiographic (ECG) lead (modified V2).
We manually score the complete record night investigation for sleep stage and apnea type and duration. The severity of sleep apnea was expressed by an index of apnea and hypopnea over one hour of investigation (AHI). Also, on EEG activity, we monitored the prevalence of arousals.
For the snoring flags, we use a microphone placed on the laryngeal region for recording of tracheal sounds audible. Moreover, in this investigation, the following indicators are monitored: respiratory effort -chest-wall and abdominal movement via strain gauges, piezoelectric belts, inductive plethysmography, impedance or inductance pneumography, endoesophageal pressure, or by intercostal EMG; nasal and/or oral airflow -thermistor or pneumotachograph; body position -mercury switches or by direct observation; limb movements (arms and legs) -EMG ( Figure 1) .
We consider that all patients with OSA should be assessed with PSG both before and after surgery, because subjective analysis often does not accurately correlate with objective changes in OSA.
QUALITY OF LIFE AND SLEEPINESS
The Epworth and Calgary Sleep Apnea Quality of Life Index were administrated to all the patients admitted in our clinic for this pathology before and after surgery 33 .
CASE REPORT

Case 1
A 40-year-old man, worker in shifts, obese class I (180cm, 104kg, body mass index (BMI) of 32.1), referred to our clinic complaining of sleep apnea and snoring both reported by entourage. The patient also reported progressive decreased ability to work, bilateral nasal obstruction, anterior serous rhinorrhea. The Epworth Scale revealed daytime sleepiness with a score of 12.
The ENT evaluation revealed: hypertrophy of the inferior turbinates (significant volume reduction after nasal decongestion), nasal septum deviation on the left side but with no obstructive effect grade I; long soft palate and large uvula, with normal aspects of the tonsils and of both hypopharynx and larynx; Class III Mallampati score.
The preoperative polysomnography highlighted a moderate sleep apnea (AHI=18.2/h), with a total REM sleep of 63.2 minutes, sleep efficiency of 69.5% from a total of 530 minutes Sleep Period Time and 393 minute Total Sleep Time, 397 arousals, SpO2 medium 95% and SpO2 minimum 84%. A total of 120 obstructive sleep events were recorded, from which 57 were obstructive apneas, 8 central apneas, 4 mixed apneas, and 51 hypopnea events. The maximum duration of an obstructive event was 50.5 seconds. The snoring episodes number was 88 with a total duration of 28.1 minutes.
Laser assisted uvulopalatoplasty (LAUP) was performed under local anaesthesia without any premedication. 10% Lidocaine spray was applied to the soft palate followed by infiltration of either side of the base of the uvula and soft palace area with mixture of Xylene 2% and adrenaline. We use the diodes laser power at 15 W in continuous mode and also Radiofrequency is used in order to produce thermal lesions within the tissues for stiffening the neo-soft palate.
After LAUP surgery, 6 months postoperatively, we observed an important decrease in the apnea and hypopnea index (AHI) from a total of 120 to 85 events (Figure 2 ). After surgery, most of the events were hypopneas (52 hypopneas and 27 obstructive apneas) compared to the first examination when the obstructive apnea was prevalent (57 obstructive apneas and 51 hypopneas). We saw better results also in oxygen blood saturation levels (SpO2 reached a minimum of 88%, so it was improved by 4 percents compared to the first examination when SpO2 was 84%) (Figure 3) . The maximum duration of an obstructive respiratory event decreased from approximately 50 seconds to 20 seconds. The snoring episodes decreased from 88 to 47 for a cumulated total snoring time of 28.1 minutes during the first examination to only 15 minutes.
The postoperative daytime sleepiness index on the Epworth questionnaire was improved from 12 to 8.
Figure 2
Before and after LAUP surgery (6 months postoperatively), the polysomnography investigation revealed that the total number of 120 obstructive events decreased to a total of 85 events and the most important improvement was recorded in the number of obstructive apneas that decreased from 57 to 27.
Figure 3
Before and after LAUP surgery (6 months postoperatively), the polysomnography investigation revealed that the minimum SpO2 improved with 4 percents from 84 to 88% and also the snoring episodes decreased from 88 to 47 events.
The sleep architecture (Figure 4 ) also has suffered important modifications -N1 from 130.1 minutes (33.2%) to 155 minutes (representing 38.2% from the total sleep time), N2 from 157.5 minutes (34.3%) to 157.5 minutes (39%), N3 from 56.0 minutes (15.5%) to 46 minutes (14.5%) and REM sleep from a total 63.2 minutes (17%) to 85.5 minutes (21.2%). We mention that the total sleep recording time was approximately the same -615 minutes preoperatively and 630 minutes postoperatively -and the total sleep time is similar in size -393.5 minutes compared to 404 minutes from the second investigation.
Arousals index decreased from 60.5/h to 37.5/h, from a total number of events of 397 to 199 ( Figure 5 ).
6 months postoperatively, the body mass index improved from 32.1 to 29.6 (from obesity grade I to overweight) and this can be one of the most important factors implicated in the modifications of the polysomnography values. Another reason that can be involved in the differences between those two examination results can be the "first night effect" 34 . Masako et al. demonstrated that on the first night polysomnographic examination, alpha waves activity increased and the activity of the wake-promoting system during the sleeponset period was improved 34 . Other studies 35, 36 revealed significant differences in the same patients' evaluations between two consecutive nights, as reflected by the scores obtained on the Groningen Sleep Quality Scale.
Case 2
A 56-year-old man referred to our clinic complaining of sleep apnea and snoring, both reported by entourage, nasal obstruction on both nostrils, and daytime sleepiness (Epworth score = 13). Body mass index was 33.2 (height 170cm, weight 96 kg) -obese grade I. The ENT examination revealed: right obstructive nasal septal deviation grade III, hypertrophy of the inferior turbinates (no volume reduction after nasal decongestion), normal aspect of the uvula and soft palate, hypertrophy of both tonsils; Mallampati score II.
The preoperative polysomnography revealed a moderate sleep apnea syndrome (IAH= 21.4/h) with 149 total obstructive events, from which 41 obstructive events, 108 hypopneas. The maximum duration of a sleep event was 57.5 seconds. The scoring episodes number was 94 with a total duration of 20.1 minutes. The total REM sleep time was 40.5 minutes, sleep efficiency of 56.5% from a total of 508 minutes Sleep Period Time and 334.5 minute Total Sleep Time, 397 arousals, SpO2 medium 94 and SpO2 minimum 84.
To resolve the obstructive pathology, under general anaesthesia with endotracheal intubation, septoplasty and inferior turbinates mucotomy were performed. Nasal packing was removed on the first postoperative day, and routine postoperative saline nasal irrigation and debridement were performed. 6 months after the nasal permeabilization surgery, an important decrease in apnea and hypopnea index (AHI) can be observed -from a total of 149 to 98 events ( Figure 6 ). 6 months after the nasal surgery, most of the events were still hypopneas (73 hypopneas and 25 obstructive apneas) compared to the first examination (41 obstructive apneas and 108 hypopneas). Better results in the level of oxygen blood saturation were recorded -SpO2 reached a minimum of 84%, so it was improved by 14 percents compared to the first examination when SpO2 was 70% (Figure 7) . The maximum duration of an obstructive respiratory event increased from approximately 57.5 seconds to 59 sec- Figure 6 After nasal repermeabilization by both septoplasty and mucotomy (6 months postoperatively), the total number of 149 obstructive events decreased to a total of 98 events and, also, an improvement was recorded in obstructive apneas (from 41 to 25), hypopneas (from 108 to 73), but the maximum duration of hypopnea it increased from 57.5 seconds to 59 seconds.
Figure 7
The minimum level of SpO2 improved with 14 percents from 70 to 84% after septoplasty and mucotomy and the snoring episodes decreased with only 6 events (6 months postoperatively).
onds. The snoring episodes decreased, but not significantly, from 94 to 88; however, they cumulated a total snoring time that increased from 20.1 minutes to 28.1 minutes.
Important changes occurred in the sleep architecture, such as: stage N1 from 101.0 minutes (30.2%) to 124.5 minutes (representing 32.0% of the total sleep time), N2 from 131.5 (39.3%) to 218.0 minutes (52.2%), N3 from 61.5 minutes (15.5%) to 3.5 minutes (0.8%) and REM sleep from a total of 40.5 minutes (12.1%) to 71.5% (14.9%) (Figure 8 ). We mentioned that the difference in the total sleeping recording time was important: the preoperative polysomnography investigation had cumulated approximately the same 708 minutes, while the postoperative investigation cumulated 565 minutes; also, the total sleeping times are different in size -334 minutes compared to 417 minutes during the second investigation. And this can be a factor which can change the statistic values.
The arousals index decreased from 28.8/h to 19.1/h, from a total number of events of 206 to 133 (Figure 9 ).
At 6 months postoperatively, the body mass index improved from 33.2 to 30.4 (no modification of the obesity category -grade I) and this can be one of the most important factors implicated in the modifications of the polysomnography values. As in the first case, one of the reasons for the differences between the two examination results can be the "first night effect" [34] [35] [36] . The overall effect in both patients showed a significant reduction in AHI score and REM sleep improvement and also a decreasing in the total number of arousals. Postoperative results show changes in sleep by decreasing the number of arousals and favouring the achievement of a higher index of REM sleep. A significant improvement in sleep apnea symptoms occurred in our patients. The polysomnogram parameters were improved after LAUP and septoplasty with mucotomy. Subjective symptoms were also improved after the surgery. In both cases, the arousal index improved and, as we know, arousals are represented by the ability to wake up upon external stimulation, and they enable an organism to react adequately to danger signals; also, rapid eye movement (REM) sleep is accompanied by several phenomena that increase the vulnerability and endangerment of an organism against external threat 37, 38 . By decreasing the number of arousals, it changed the sleep architecture by reaching a higher REM sleep index in both patients. 
Figure 9
After nasal permeabilization surgery (6 months postoperatively), the arousals index decreased from a total of 28.8/h to a better score of 19.1 events per hour.
After both kinds of permeabilization of the upper airway tract were performed, the quality of life on the Calgary score questionnaire has improved. The daytime sleepiness is no longer a hindrance in the patient's daily schedule.
CONCLUSIONS
The goal of permeabilization surgery of the upper airways tract is to have a normal respiration during sleep and to decrease the number and the intensity of snoring episodes.
Correlating the results obtained by different authors with the one obtained by us, we can conclude that permeabilization surgery, together with weight loss, have a positive effect on the quality of sleep and also on sleep distribution. Moreover, we can invoke the "first night" effect on the accuracy of the polysomnography investigation regarding the difference between preoperative and postoperative REM sleep time.
Our partial results showed, 6 months after the permeabilization surgery of the upper airway tract, that the arousals index decreased and sleep architecture underwent changes that consisted in decreasing the Stage 1 and Stage 2 sleep; therefore, REM sleep reached a better score.
Also, LAUP and nasal permeabilization surgery are generally well tolerated by the patients. The most important side effects are pharyngeal pain and sometimes velar insufficiency.
